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ABSTRACT 

A computer-based simulation inodel is described that 
can be used in ^n interactive mode to analyze the effects of 
al-^ernative hiring, pfcmcticn, tenure "^granting , retirement, and 
salary policies on facult.y size,, distribution, a.nd aggregate salary 
expppse. The mcd^l was designed to be adeguately flexible and 
comprehensive to incorporate the array of faculty appointment and 
top^ure tyoes found in jnedical schools throughout the [Jni-»-ed States. 
It has been inolemented and tested on historical faculty data frcir 
the Case Western Reserve University Schdol of Medicine. The Monte 
Carlo method of simqlaticn was chosen as the most effective 
technology. The, present model is called the "Tenure and Promotion 
Policy Simulator" and is programmed in the BASIC language. The entry, 
prcmoticn^ ten ure 'status , and departure of full-time faculty members 
of the Schocl of .Medicine was traced from 19aa-45 through 1977- 78, 
>otaliT>q oy^r 1, 850 individuals. A computer data file was then 
ccnsttucted ccntaini-nq encoded biographical and appointment history 
iffformation. Six data aggregation 'and synthesis computer 'programs 
we re • w'ri tten "i:o display the data in forms appropriate for analysis of 
the ir ^ er'^'? l^t ion^^ps of each variable on others. Statistical tests 
were run to determine the independent variabT^s that have a 
significant re la '^nship with the probability of a faculty member 
receivi;iq a promotxcn, -^enur^*, and ether actions. Valida-^-ion of the 
model was alsp undertaken. (Swf) 
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Faculty Flow in a Medical Schpol - A Policy Simulator 



This paper describes a computer-based simulation model which can be used in 
an ^interactive mode to analyse the effects of alternative hiring, promotion, 
tenure granting, retirement and salary policies on faculty size, distribution, 
an^ aggregate salary expense. The model was designed td^Vfee adequately flexible 
and comprehensive to incorporate the array of faculty ap()oinrfeent and tenure 
types -found in medical schools throughout the Unit^ed States. It has been 
implemented and tested on data from the Case Western Reserve University School 

A 

of Mefllcine. ' This project was conducted under subcontract from the Association 
of American Medical Colleges and funded in part by the National Li of 
Medicine. / 



v/ 



r 



( Faculty Flow 3 

Although the leveling and even shrinkage of entollmt: nts which has 
characterized most of higher education in^this country has not yet impacted - 
on the system of physician education, a stabilization and perhaps even a 
gradual reduction of medical school class sizes and faculty numbers seems a 
likely possibility. Secretary of Health, Education and Welfare, Joseph A. 
Califano, in an address at the annual meeting of the Association of American 
Medical Colleges (AAMC) in 0<5htober 1978, pointed out that the United States 



may soon be fac£i^g;^n oversupply of physicians, and stated that "the most 
difficult challenge in the next decade will be to stop the growth (in pro- 
duction of physicians) that was started by government health programs of the 
1960's." He pointed out that these programs, by creating new teaching 
facilities, boosting enrollments and expanding faculties, resulted in a 
doubling of the number of medical school graduates - from 8,000 in 1963 to 
15,000 in 1978. "This looming pjgoblem of physician oversupply is a problem 
of having succeeded all too well: 'having set out to educate enough physicians. 



we now 



:face .the possibility that we are educating too many," Mr. Califano 
said; Shifting governmen"t^l posit It^s ,Ne5cemplif led by' Mr. Califano 's observa- 
tions^will probably lead to a reduction or\^at least an end to the growth in 




^rjnmental support cyx mec^cal schools and thereby in program size^ and faculty 

■--.(.••, ~ I * 

numbers. . ^ . 

k t • . . 

• • The poBsibility of little further growth or even reduction in faculty 
size and external funding in medical sphools in the near future is ravjlsing 
serious^ concern among many leaders in the field of medical education as to how 
to^^^an for and deal effectively with these changes, especially in regard to 
the ^]Jr^^arti6n of faculties which/ are tenured. Legitimate questj[<6?ife;;can be 
raised as to whether existing promotion arf3 tenure granting policies are. ^ 

^ leading to staffing situations in which there will be inadequate flexibility 



to adjust faculty /trength in accordance with teaching, research, and clinical 
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requirements, and adequate faculty turnover to assure vigorous development 
of programs. » ■ 

This project, which involved extensive analysis of historical faculty 
data at Case W^jiern Reserve University (CWRU) School of Medicine and the ^ 
development of^^ faculty flow simulation model, was aimed at providing schools 
with a f'lexible, generally applicable tool^ for analysis of alternate promotion, 
.tenure, hiring and retirement po^l^icies. 



Literature Review 

Freeman and Rossmeier (1973) have reported that today's university facul- 
ties as a whole are higher ranking, with ^ higher proportion tenured, and with 
a higher proportion eligible for tenure, than faculties of 20 years ago. Thery 
indicate that while numbers of faculty are generally looked at to assess the ^ 
institution's academic tenure health'', a better i^ndicator would be the dollar^ 
tied to tenured facolty.^ Similarly, Bloomfield (1975) has developed a 
"commit'ted' resources index*' as an indicator of how many dollars are tied up 
' in a tenure system. Moreover, Bolte, Thomas, and Coleman (1977) argue that - 
an institution's promo tion policy may have an even greater effect than its 
tenure policy in assessing institutional salary commitments. Pointing out 
that^the distributiort of faculty among rank will significantly impact on the 
funds' required for faculty salaries, they conclude that promotion^sys terns must 
be flexible etfough to^allbv for outstanding faculty to advance, while stringent 
enough so that an instit^ution does 'not become top heavy^with .higher salaried 
•senior faculty. In the only article' found orixthe tenure issue, as applied 
specifically to medical schools, Spellraan and /Weiklejohn (1977) contend that 
continuing modification and experimentation with ten^are systems is. necessary 
for effective educ^^tional administration. The fundamental question is how 
'tan universities best! retain the benefits of tenure without locking themselves 
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into an inflexible environment? Several models have been develop.ed to address 

• I ■ 
Some of these issues. 

One of the first such efforts was by Row^, Wagner, and Weathersby (1970) 

who applied optimal control theory to the analysis of faculty staffing policies. 

Hopkins (1974) using the Markov chain technique at Stanford defined 17 faculty 

states in whic+i faculty, can reside at any given point in time. They include 

seven non-^tehure positions, seven tenure positions differentiated by age; and 

\ retirement, resignation and death. McLaughlin, Mont*gomery and Srn^h (1976) 

i report on a similar Markov application. , . 4 

V \ 

A Monte Carlo simulation approach has b€»R applied by both Goveia (1975) 



and Linnell (1976). Monte Carlo simulation introduces realistic aftochastic 



effects in promotioi^and retirement occurrences, an^ as. applied Goveia 



nd Linnell, moves faculty through the system indivjLdually as opposed to the 
cohort approach characterized by the Markov chain ^ethod. , ^' 

Combining both simulation methods. Nicely (1975) treats salary as the ^ 
cey variable in hie model i.e. given a fixed availability of faculty salary '"'J 
fpnds, the only source of monies a^^ilable for salary raises i^s the difference 
in ^salaries of departing faculty and incoming ic^^lty. jJrtu^ating the 



ERIC 



movement of faculty through and out of the system, this riiodel can determine ^ 

*"-<' 

^^he amount of monies available to Kire new faculty. Tv 

None of the models examin^B allow for the incorporation of the unique 
characteristics of a medical sihool environment, and most 'tend to focus on 
specific key variables in the faculty flow process. For this reason the 
authors felt a new modiel^ development effort was warranted tb yield a more 
comprehensive and adaptable tool for policy planning and analysis. A,' primary 
goal of ^the project was to build a model that was adaptable and tran'sf erable 
not only to medical schools but to other ) university components as^ell. The 

\ ; • 

model is structured to allow for a variejty of funding sources arid faculty \^ 

r \ ^ ■ J 

o . \ 7 
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) 

appointment types. It is built with dual sets of tenure, promotion, resignation, 

si 

growth and hiring policies to simulate the diversity exhibited between the 
clinical and non-clinical departments. 

Model Design and Operation , 

The Monte Carlo methj^d of simulation was chosen as the most effective 
technology for this particular application because it allows for maximum 
flexibility and ease in adjusting key policy parameters and it best represents 
the stochastic nature of the system. Direct simulation of a probal|^.listic 
problem via Monte Carlo is simple conceptually, but allows the analyst to 
incorporate particular details of the jf^ystem being modeled that are beyond - ^ 
the reach of any general theoretical n/athematical model; Hammersley and Handscomb 



(196^4) and Naylor, Balintfy, Burdick and Chu (1966). The mqdel described in this 

< 

paper is called the Tenure and Promotion Policy Simulator (TPPS) and*^ is programme 
In the BASIC language. ^^/""^^ ^ ^ ^ 

The core of TPPS is a Logic set which processes (one faculty member at a ^ 
time. An individual is represented by a line of encoded data which is read by 
the ifiodel from aTH^^af ill? containing each person's status as of the end of the' 
previous year.. \ The mode^determines whether each individual gets prombt^^d^is 
awarded tenure, \eslgns, ^4^|ts appointment type, etc., by comparing a uniquely 
generatWrandcm number with the probability of occurrence of each of those 
events. The individual's data line is then updated based on his new, status 
and he is written onto an output file. Evfery individual on the input file is V 
thus processed', new faculty are "hired*' to replace losses or provide growth, 

J- , ^ * ■ : 

and they "^o are written onto the output file. When every individual from the 
input file has been processed and new hiring, if any, is complete, one calendar 

r 

yeajp has transpired in simulated time. ' To counterbalance the possibility of a 
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model run being skewed because of ^ the particular seriea^^^cjf random numbers it 
dr^ws, it aut6matically performs a series of complete iterations of ^ the simula- 
tion and reportsfthe averages of these .multiple passes. ^ , ^ 
Figure I graphically displays the" overall flow, inWts and output^ of the 
. model. All' data requirements of TPPS are either maintained in external data- 

* •■I ■ ■ 

J:^^files, or\re computer prompted. The model is designed iry this fashion so 



I that the User does not 'hav2 to alter any, aspect' of the internal model sti;,ucture 



^to simulate hisyown institution or to analyze various policy alternatives. 

9ig|ure 2 shows the output generated by TPPp. Of specj^a,! .^terest is th^ 
column i^eja^ie^^J^nge". One of the ' f eatui/s^s of Monte Carlo is mat J;he cuser 
^ catf get Lome feel f^r the precision of the results fVom the va^rlabiPity 



observed ^rom iterat|.on to iteration in the ^imulation. TPPS autoi^t icaJly 
calculates the^ standard deviati(^s of the nuntb^s of faculty and salaV^^ expense ^ 



by rank^and displays in the "Range" column the 95% confidence interval based on 
• tihe Student's t distribution. The more . iterations . run, the narrower the ranges, 
^/and hence the more precise the model's estimates are. For ,a school wj.th a 

relatively large faculty (over 500) five to ten ' iterations "^should. yield fairly 

narrow ranges. For much smaller schools^ over 26 iterations may be necessary. 
>• . ■ J ' ' 

It should also 1>^^ noted from the orfcput report that the mode^ allows the 

user to specify "up to eighth* dif ferent appointment types for faculty. Thesf are 

» . ^> -J 

deigned to/erfffb'^e the user to ^imulate the various contractual, tenure and 
financial arrangements utilized\in medical schools in the United States. For 



example, one' can stipulate appointment categories leading to tenure, not leadin 
to tenure, totally or partially funded frotn vsyrious non-university sources, 

■. - ' ■ • \ - • ' 

^enure with full, partial or no sa^fary guarantee, and so on. 

() 

TPPS is designed to be run in an interactive mode on a tiifie-shar^d 

■ J / ■ - 

computer. As such it asks the u^er tzo e;^ter a number of factors at the start 

^ ■ ■ / ' . 

■ \ ■. ■ ■ . 
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RUN DATE TUE dlimm 



TENURE AND PROHOtI'oN P.OLICY SIHUUT-ION 



YEARS SIMULATED • 10 
ITERATIONS PER, YEAR - 4 



NOTE: 95!? CONFIDENCE INTERVAL IS THE VAl 
SHOWN f OR - THE NUMBER IN PARENjHES; 




SIMULATED FACULTY DISTRIBUTION 



FACULTY DJSTWBUTION AT THE 
OF THE BASE YEAR 1977 
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RANK 
. FULL PROF. 


•NO. r 

. 119 1 


RANCy 

if) 


AVE 
' i|CE 

■ ) 


ASSOCIATE 


129 


( j) 


47 


ASSISTANT 


373 


T 


40 


INSTRUCTOR • 

f 


135 


/o) 

/i_ 


38 


TOTAL 


756 


' •( 0) 


. , 43 



MBER BY APPOINTMENT TYPE 



107 



0 



f\, 77\ 0 
\l2 0' 



0 ■ 0 
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47 
308 

■ 0 



0 5 



6_ 
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0 



0 /135 



196 ' ^0 



9 OF FACULH WHO ENTERED » 0 
fl 01 FACULTY WHO LEFT » 0 OF WHICH 0 DIED 0 RETIRED 
,1 . . , 0 RESIGNED AND 0 WERE TERMINATED 



0 360 



V'' 



0 65 



0 135 



I TEN: 
■ 89.9 
59.7 
3.f 
0.0 

.25.9, 



FACULH SALARY EXPENSE RATE ^ 
At END OF THE BASE YEAR 1977 > 
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SIMULATED SALARY DISTRIBUTION 
1$ IN TH|USAND?|j^ 



RANK 


TOTAL $ 


FULL PROF. 


3553 


ASSOCIATE . 


'"32*r 


ASSISTANT 


/6958 ' 


INSTRUCTOR 


180^ 


TOTAL 


15562 



RANGE 
'( 0) 

\ oj, 
(• 0) 

( 0)' 



.SALARY SOURCES 
^ ^ . SPON* SERV 

.^109f' 391 . , 2064 

852 1389 2008 

" llid 972 ; 4859 

■ 214'' '^466' 





fD $ NON-TENURED I TENURED $ 
TEEfl" DOLLARS TO TOTAL SAL 

89.7 ■ 
57.4.^ 
' 3.3 
0.0 



!l 3198 1966 • 10397 



5278 



10281 



33.9 
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• of ea&h/run. Some .df itAese spe"ci'fy *t:he operational characteristics' of the 
^ simulation ♦(*-rtin specifications") and oHher^^are key policy parameters ^likely 
-to be *fre.qu^tly .altered (^"choice variables") . A'simulation can also be 
. maulpulatejd to TB^res^nt ^specif ic institution^ ^olicies.tir ex^ternal influ^c'e^ 
by altering the various probabilities or dafta^sets which it reads from on-line 

files and uses its int^r^al* logidX^s it processes each individual. Thes^ 

[ ' 

variables' are called ''sensitive -parameters" . Tabl^ 1 lists the important 

; , ■ ■ ■ ^ 

variables of each type which the user can manipulate, 

V 

'The model and its input data files re^quire about 60,000 characters of 
file storage. During a simulation run^it temporarily r'equires an additional 
100,000 to 200,' 000 characters of storage deperiding on the number of years and 
iterations selected. An average size simulation run (700 faculty, 10 years, 
6 iteratiotis) costs about $20 in computer time on a Honeywell 430 time-shared 
computer. 

Data Collection and Analysis 

" Raw data collection consisted of chronologically tracking the entry, 
promotion, . tenure status, and departure of every full-time faculty member of 
the CWRU School of Medicine from 1944/45 through 1977/78, a total of over 1850 
indi:iiduals . From this "tracking" information, a computer data file was con- 
structed containing encoded biographical and appointment history information 
on each faculty member. Six data aggregation and synthesis computer prog^s^s 
were then written to display the data in forms appropriate for analysis of the] 
inter-relat ionsbjips of each variable japon others. Analysis of variance, 
regression and chi square statistical tests were utilized to determine those 
independent variables (such as age, rank, organizational unit) which have a 
significant rclc-^ti-onship with the probability"^ of a faculty member receiving 
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TABLE 1. User Manipulative Vafiatiles- 

Run Specificatidnsr ^ ^ ' " 

1. . Number' of years to.be 'simulated ' * .t- 

2. .Number of iterations , * 
3'. •' Reports' for each year, or last year only 

4. Starting year of the $imulatioi;i ^ 
. Choici^VariaLles : ... 

1. -- Percentage of faculty leaving who are to be replaced 

2. Salary infl^ation rate 

3. Pre- tenure period 

4. Years of service within institution below which faculty 

( - ■ • 

can be terminated immediately 



V 



Sensitive Parameters: 

1. Promotion probabilities '^ 

2. Tenure probabilities ^ 

3. Resignation probabilities 

4. Retirement probabilities " ' 

5. Death probabilities 

6. Probabilities of shifting from one appointment type to another 

7. Probabilities of hiring various ran)cs when a new hire is made 

8. Ages of new hires 

9» Ifc a reduction program Is in effect the proportion of faculty 
to be terminated 

10. If a growth program is in effect the number of new faculty to 
be added 

11. Contraot lengths in years 
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-a promotion, tenure,, resigning, etc, Those..statistically signif Tcant functional 
relationships, which were then incorporated into the mcdel, are shown in Table 2\ 
To minimize model input data requirements, further analyses were run on these 
functional relationships to determine statistically distinct groupings of the 
independent vatiable ranges. These- groupings then became the basis for the 
model input data forms. Figure^ 3 'is an example of one of the input forms result- 
ing from this process. It' displays the form utilized to input annual probabil- 
ities- of promotion to the next higher rank, and shows the groupings statistically 

r 

selected for the "y^^^ in rank" independent variable. 

Sensitivity tests were also conducted on subsets of the chronological data 
to determine the impact of changing system or exogenous factors over the years 
upon the calculated probabilities. Where appropriate, such as in hiring, the 
model was structured to accomodate changes in input variables over time. 

Validation 

A critical last step in any simulation model development and implementation 
effort is to evaluate the model's ability to emulate reality. This is often 
done by using the model to simulate past experience where actual outcomes are 
known, and this method was chosen by the authors. A critical prior step, 
however, is logic verification, that is to be sure that the model's individual 
logical elements are functioning as designed. To verify model logic, a variety 
of small .faculty data files on each rank were created. Using these files as 
the starting faculty data, a series of independent tests were constructed to 
^termine the model's ability to process faculty in accordance with the input 
probabilities. Once the model'^logic has been verified, the next validation- 
'Step was^ to attempt to simulate a reasonably extensive series of past years. 

A starting faculty data file was created with actual profiles at a given 
point in history — 1969 was chosen as being adequately far back to provide a 
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TABLE 2. Functional Relationships 



Promotion 

Retire;nent 

Death 

Resignation 

.Tferinination due to 
n(^n- tenure 

Appointment status 
Salary 

Salary sources 
Hiring rank^ 
Hiring age 



f(rank, years in rank, organizatic35g(aI unit) 
f(age) * . 

f(age) V ^ 

i 

f(rank, tenure status, age, years ±n rank, 
organizational unit) 



= f (years in tenure track) 

= f(rank, year^ in tenure ^tra^k, appt. type, 
organizational/d^it) 



f (rank, organizat^RP^fL unit) , 
^(appt, type, organizational unit) 
''f (policy, organizational unit) 
f(rank, organizational unit) 



a . The expression "f( )" means "is a function of". 
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significant test pei^od\ Enterixjg the actual hirl|ig* profiles and growth 



pattern experienced, simulatioti runs werj^ made which resulted in the comparison 
.graphs shown in Figure 4.^ The validation tests were also done separately on 



the clinical and the non-'clinical d^partiirentil groups to . assure' maximum 

~ ■ ■ ' \ ' / ' • 

precision", and to eliminate ^he possibility of orfse^ing errors. The 



intei^^ls.. ^ 



variations from actual occurrence are well within th^calculated 95% confidence 

\ > 

. Application^/tonclusi/ns ^ 

TPPS.''^an^*'*^e"usec^ to simulate the effects a \|ariety of institutional / 
pc/licies or eictejrnal influences have both on faculty size and' distribution 
and on -fi^culty salary expense over a period of years, ^ach, or any combinatipn 
of data jlnput f orpis^ and model va^^^^es pan be . altered in response to a proposed 
policy change. The user can the^i^un the model under various '^scenarios" 
(i.e. no growth, high growth, high inflation rates, etc.) to determine 'the 

future impact of the proposed policies on faculty distribution and -salaries 

* *■ ' , 

at his institution. , How will a change in pre-tenure period or ^^hange in 

\ • • 

tenure granting policies affect the future dollars committed to tenured faculty? 



How will a sudden growth in clinical faculty affect the overall institutional 
faculty distribution? How much income from which sources will be required to 



support that growth? Examples of other policies which JPPS- is designed to 
alidress, include: (1) varying hirii^ mixes, (2) va^ing degrees "of stringency 
or leniency in the awarding of tenure or promotion, (3) varying replacement 
and/or ^Rluction policies, ^4) varying sources of; faculty salary support, 

(5) the introduction of new faculty appointment or con^actual arrangements 

(6) varying retirement ages, ^ 

■> 

It is ^comfltenly reported phenomenon thaC many supplementary benj^fits 
accrue from a model implementation project to both the staff itivolved and' to 
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the ^stitution which were not 4>art of the original project objectives,, and 
were not anticipated. This project was no exception. The primary unforeseen 
benefit' tjiat accrued to the staff ^at CWRU was a phenomenally sharpened perspec- 
tive about the utilit»y for analysis purposes of the existing faculty inf ormatioi;! 
systems in the Medical School. ^ It was much more difficult to extract relevant 

■ ■ . 

datai and the number and variety of sources that had to be uneafttied and tapped 

^ , . r [ 

• \. 

were miich greater than was originally anticipated. Although a project to 
j;gv.ise and imprave the faculty roster system at the Sch^^^;had been on the 
staff's agenda of useful projects for some time, it has been moved to first 
priority. 

The project to jdevelon, implement, and report on TPPS required about ' * 
16 nmn-»morrti*s of effort at CWRU, over an elapsed time of 13 calendar months. 
It is theWithors' estimate tftat it would take about three mai^-months of 
professional effort on the average to fully implement^he model at another 
institution. ' ^ ' 
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